Results of direct-method determination of the gas content of U.S. coalbeds by Diamond, W. P. (William P.) et al.
Bureau sf Mines Information Circular / l986  
Results of Direct- Method Determination 
of the Gas Content of U.S. Csalbeds 
By W. P. Diamond, John C .  LaSccsla. and B. M. Hyrnan 
UNITED STATES DEPARTMENT OF THE INTERIOR 
Information Circular 9067 
Results of Direct-Method Determination 
of the Gas Content of U.S. Coalbeds 
By W. P. Diamond, John C. LaScola, and D. M. Hyman 
UNITED STATES DEPARTMENT OF THE INTERIOR 
Donald Paul Hodel, Secretary 
BUREAU OF MINES 
Robert C. Horton, Director 
Library of Congress Cataloging in Publication Data: 
D i a m o n d ,  W. P. (Wi l l i am P.) 
R e s u l t s  of direct-method determinat ion of the  g a s  con ten t  of U.S. 
coa lbeds .  
(Bureau  of Mines information c i rcu la r  ; 9067) 
Bibliography: p. 6-7. 
Supt. of Docs.  no.: I  28.27: 9067. 
1. Coalbed methane-United States-Measurement. 2. Mine venti- 
lation. I. LaScola ,  J o h n  C. 11. Hyman, D. M. (David  M.). 111. Tit le .  
IV. Ser ies :  Information c i rcu la r  (United States .  Bureau o f  Mines)  ; 9067. 
TN295.U4 [TN305] 622s [622',334] 86-600 304 
CONTENTS 
Page 
....................................................................... A b s t r a c t  ................................................................... I n t r o d u c t i o n  
Acknowledgments ................................................................ 
Equipment and procedures  ....................................................... ..................................................................... Sampling 
Tes t  equipment ................................................................ 
C a l c u l a t i o n  of ga s  con t en t  ..................................................... 
A u x i l i a r y  t e s t  p rocedures  ...................................................... ........................................................................ Summary 
References  ..................................................................... 
Appendix.-- R e s u l t s  of direct-method gas-content  de t e rmina t i ons  on U.S. c o a l  ....................................................................... samples 8 
ILLUSTRATION 
...................... 1 . Equipment f o r  di rect -method t e s t i n g  of c o a l  samples 4 
TABLES 
1 . D i s t r i b u t i o n  of c o a l  c o r e  samples .  by S t a t e  .............................. 2 
2 . Es t ima t e s  of t o t a l  in -p lace  methane volumes f o r  U.S. coalbeds .  ........... 2 
3 . In-place ga s  volumes of s e l e c t e d  U.S. coalbed a r e a s  ...................... 3 
4 . Highest  measured ga s  c o n t e n t s  of U.S. coa lbeds  ........................... 3 
5 . S t a t e s  w i t h  h i g h e s t  measured ga s  emiss ions  from c o a l  mines ............... 3 
A-1 . R e s u l t s  of direct-method gas-content  de t e rmina t i ons  on U.S. c o a l  samples .  
by coalbed .............................................................. 10 
A-2 . R e s u l t s  of direct-method gas-content  de t e rmina t i ons  on U.S. c o a l  samples .  
by S t a t e .  ............................................................... 52 
U N I T  O F  MEASURE ABBREVIATIONS USED I N  T H I S  REPORT 
cm3 cub i c  c en t ime t e r  h  hour 
cm3/g c u b i c  c en t ime t e r  p e r  gram l b / i n 2  pound pe r  s q u a r e  i n c h  
f t  f o o t  m i 2  s q u a r e  m i l e  
f t 3  cub i c  f o o t  Pet pe r cen t  
f  t3 / s t  cub i c  f o o t  p e r  s h o r t  t o n  
RESULTS OF DIRECT-METHOD DETERMINATION OF THE GAS 
CONTENT OF U.S. COALBEDS 
B y  W. P. Diamond, John C. LaScola,* and D. M. Hyman 
ABSTRACT 
I n  1972, t h e  Bureau of Mines developed a direct-method test  f o r  mea- 
s u r i n g  t h e  gas  content  of v i r g i n  c o a l  co re  samples f o r  c o a l  mine h e a l t h  
and s a f e t y  cons idera t ions .  Since t h a t  t i m e ,  approximately 1,500 c o a l  
samples from more than  250 coalbeds i n  17 S t a t e s  have been c o l l e c t e d  f o r  
gas  content  determinat ion.  The gas content  da t a ,  when combined wi th  
geologic  and engineer ing  s t u d i e s ,  can be used a s  a b a s i s  f o r  a prelim- 
i n a r y  estimate of mine v e n t i l a t i o n  requirements ,  and t o  determine i f  
methane dra inage  i n  advance of mining should be considered. The d a t a  
a r e  a l s o  c r i t i c a l  i n  d e l i n e a t i n g  coalbed methane resources  and i n  u t i l i -  
z a t i o n  f e a s i b i l i t y  s t u d i e s .  
This  r e p o r t  makes t h e  Bureau's ex t ens ive  d a t a  base  of gas  content  d a t a  
more r e a d i l y  a v a i l a b l e  t o  t h e  c o a l  and gas  i n d u s t r i e s .  The d a t a  a r e  
presented  i n  t a b u l a r  form, a l p h a b e t i c a l l y  by coalbed name and by S ta t e .  
The components of t h e  t o t a l  gas  content  ( l o s t ,  desorbed, and r e s i d u a l  
gas )  a r e  given, Location ( S t a t e  and county) ,  sample depth ,  coalbed o r  
formation name, and c o a l  rank a r e  included f o r  geographic and geologic  
i d e n t i f i c a t i o n ,  
Geologist .  
2 ~ h y s i c a l  s c i e n t i s t .  
P i t t sbu rgh  Research Center,  Bureau of Mines, P i t t sburgh ,  PA.  
INTRODUCTION 
The Bureau of Mines began measuring TABLE 1. - D i s t r i b u t i o n  of c o a l  
t h e  gas  con t en t  of v i r g i n  c o a l  co r e  c o r e  samples ,  by S t a t e  
samples i n  1972 a s  p a r t  of i t s  compre- 
hens ive  Coal Mine Hea l th  and Sa fe ty  
r e s e a r c h  program (1) .3  The o r i g i n a l  
r e a son  f o r  de te rmin ing  t h e  ga s  c o n t e n t  
of c o a l  was f o r  e s t i m a t i n g  t h e  amount 
of g a s  t h a t  would be r e l e a s e d  i n  a c t i v e  
underground mining o p e r a t i o n s  (2-4). 
The gas  con t en t  va lue s  can  be used f o r  
mine p l ann ing  and r e sou rce  d e l i n e a t i o n  
and f o r  u t i l i z a t i o n  f e a s i b i l i t y  s t u d i e s  
(5-6). I n  a con t i nu ing  e f f o r t  t o  pro- 
v i d e  t h e  c o a l  and ga s  i n d u s t r y  w i t h  
r e a d i l y  a v a i l a b l e  in format ion ,  t h i s  pub- 
l i c a t i o n  p r e s e n t s  t h e  Bureau's d a t a  
ba se  on t h e  g a s  con t en t  of U.S. coa lbeds  
i n  t a b u l a r  form. Data on 1 ,511 c o a l  
c o r e  samples from more t h a n  250 coa lbeds  
i n  17 S t a t e s  a r e  presented.  Table  1 
g i v e s  t h e  d i s t r i b u t i o n  of samples by 
S t a t e .  
Number of 
S t a t e  samples 
Alabama.............. 
Colorado............. 
Illinois... . . . . . . . . . .  
Indiana... . . . . . . . . . . .  
Kentucky............. 
Montana.............. 
North Carolina... . . . .  








West Virginia. . . . . . . .  
It i s  e s t ima t ed  t h a t  coalbeds  i n  Wyoming.............. 4 1 
t h e  Uni ted S t a t e s  c o n t a i n  as much a s  Total.. . . . . . . . . .  1 ,511 
766 t r i l l i o n  f t 3  of in -p lace  ga s  ( t a b l e  
2 ) .  The ga s  is d i s t r i b u t e d  i n  v a r i o u s  
amounts throughout  t h e  e x t e n s i v e  c o a l  TABLE 2. - Es t ima t e s  of t o t a l  in -p lace  
d e p o s i t s  of t h e  Uni ted S t a t e s .  E s t i -  methane volumes f o r  U.S. coa lbeds ,  
mates  (10-19) of in -p lace  gas  volumes - t r i l l i o n  c u b i c  f e e t  
f o r  s e v e r a l  coalbeds  o r  coal-bear ing 
fo rmat ions  i n  s e l e c t e d  geographic  a r -  
e a s  have been made ( t a b l e  3) .  It is 
very  impor tan t  t o  r e a l i z e  t h a t  t h e s e  
v a l u e s  a r e  f o r  in -p lace  ga s  volumes and 
do not r e p r e s e n t  t h e  volume of ga s  t h a t  
c an  be p h y s i c a l l y  and /or  economically 
recovered  by coalbed gas  d ra inage  sys -  
tems. Gas c o n t e n t s  rang ing  from essen-  
t i a l l y  0.0 cm3/g t o  21.6 cm3/g (0.0 f t 3 /  
t o n  t o  69 1 f  t / t o n  in -p lace)  have been 
measured. Table  4 i s  a l i s t  of t h e  
h i g h e s t  measured ga s  c o n t e n t s  of U.S. 
coalbeds .  
3 ~ n d e r l i n e d  numbers  i n  p a r e n t h e s e s  re- 
f e r  t o  items i n  t h e  l i s t  o f  r e f e r e n c e s  
p r e c e d i n g  t h e  a p p e n d i x .  
Source 
.............. Bureau of Mines ( 7 )  766 
U.S. Department OF Energy ( 8 ) .  ... 50-700 
Nat iona l  Petroleum Counci l  79 ) .  .. - 398 
An i n d i r e c t  measure of t h e  p o s s i b l e  
s a f e t y  hazard  of methane i n  c o a l  mines ,  
a s  w e l l  a s  t h e  r e sou rce  p o t e n t i a l  of 
coalbed methane, i s  t h e  volume of gas  
vented from U.S. c o a l  mines. A s  of t h e  
l a s t  survey by t h e  Bureau of Mines i n  
1980 ( 2 0 ) ,  over  256 m i l l i o n  f t 3  of meth- 
ane  p e r d a y  w a s  be ing  vented.  The seven  
S t a t e s  w i t h  t h e  h i g h e s t  methane emi s s ions  
a r e  l i s t e d  i n  t a b l e  5. Seventy i n d i -  
v i d u a l  mines vented 1 m i l l i o n  f t 3  of 
methane o r  more p e r  day. 
TABLE 3 . . In-place ga s  volumes of s e l e c t e d  U.S. coa lbed  a r e a s  
TABLE 4 . . Highest measured gas  c o n t e n t s  of U.S. coa lbeds  
























........ Northern Appalachian Basin..OH. PA. MD. WV. KY ..... Mesaverde Formation ( sou the rn  Piceance Basin)--CO 
Piceance Basin.-CO .................................... .............. Mesaverde Formation (Sandwash Basin)--CO 
C e n t r a l  Appalachian Basin--KY. MD. TN. VA. WV ......... 
Powder River  Basin--MT. WY ............................ 
Raton Mesa region-.C0. NM ............................. 
I l l i n o i s  Basin--1L. I N .  KY ............................ 
Black Warrior Basin--AL. MS ........................... 
Western Washington region--WA ......................... 
San Juan Basin--CO. NM ................................ 
Arkoma Basin--OK. AR .................................. 
Mary Lee Coal group-.AL ............................... ................................. Vermejo Formation.-CO 
P i t t s b u r g h  Coalbed--PA. WV ............................ 
F r u i t l a n d  Formation-.CO ............................... 
Lower Hartshorne Coalbed-.OK .......................... 
Wind River  region--WY ................................. 
Grea t e r  Green River  region--WY. CO .................... 
Uinta  region--UT. CO .................................. 
Upper Freepor t  Coalbed-.PA ............................ 
Beckley Coalbed--WV ................................... 
Area. 























format  i o n  ... Peach Mountain 
Volume. 


















.5- 2.2 . 2- 30.9 . 2- . 8 
.2- .4 
.1 
.. Schuy lk i l l .  PA . . Pocahontas No 3 ......... Mary Lee 
Tunnel ........... 
.... Buchanan. VA .. Tuscaloosa.  AL .. Schuy lk i l l .  PA ....... New C a s t l e  
Hartshorne ....... 
Mesaverde Group .. 
............ .. P r a t t  1 Tuscaloosa.  AL 
ND Not determined . l ~ a b o r a t o r y  dc 
.. Tuscaloosa.  AL .... Le Flore .  OK .... Sub le t t e .  WY 
Vermejo Formation 










r i v e d  . 
Low-volati le bituminous . 
High-vola t i l e  A bituminous . 
Anth rac i t e  . 
Medium-volatile bituminous . 
ND . 
High-vola t i l e  A bituminous . 
Low-volati le bituminous . 
Medium-volatile bituminous . 
ND . 
Coal rank 
An th rac i t e  . 
Depth. 
f t  
685 
imated in.place . 
TABLE 5 . . S t a t e s  w i th  h i g h e s t  measured gas  emiss ions  
from c o a l  mines. 1980. m i l l i o n  cub i c  f e e t  p e r  day 
Gas con t en t  
S t a t e  Emissions 
21.6 
West V i r g i n i a  ............................. 89.1 ................................... Mabama 51.4 .............................. Pennsylvania  39.8 
V i r g i n i a  .................................. 35.0 
I l l i n o i s  .................................. 17.4 
Colorado .................................. 9.3 
2 f t 3 / s t  
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EQUIPMENT AND PROCEDURES 
SAMPLING TEST EQUIPMENT 
Coal samples f o r  ga s  con ten t  t e s t i n g  
a r e  u s u a l l y  ob ta ined  by t h e  Bureau from 
e x p l o r a t o r y  coreholes  of p r i v a t e  c o a l  
companies. Because of q u a l i t y  t e s t i n g  
needs of c o a l  companies, i t  is  g e n e r a l l y  
p o s s i b l e  t o  o b t a i n  on ly  enough sample f o r  
one gas  test  on a  coalbed. Therefore ,  i t  
has  been Bureau p r a c t i c e  t o  o b t a i n  t h e  
c l e a n e s t  s e c t i o n  of c o a l ;  t h a t  is ,  c o a l  
wi thout  obvious ex t raneous  s h a l e ,  p y r i t e ,  
o r  o t h e r  noncoal i nc lu s ions .  Mul t i p l e  
t e s t i n g ,  o r  even t e s t i n g  of t h e  e n t i r e  
coalbed,  would be t h e  p r e f e r a b l e  sam-  
p l i n g  procedure. A more thorough d iscus-  
s i o n  of sampling s t r a t e g y  i s  presen ted  i n  
r e f e r ence  5. 
The equipment ( f i g .  1) r equ i r ed  t o  mea- 
s u r e  t h e  a c t u a l  volume of gas  desorb ing  
from t h e  c o a l  sample c o n s i s t s  of a  sample 
con ta ine r ,  an i n v e r t e d  gradua ted  c y l i n d e r  
s i t t i n g  i n  a  pan f i l l e d  w i t h  water ,  and a  
r i n g  s t and  and clamps t o  hold t h e  gradu- 
a t e d  c y l i n d e r  i n  place.  The desorbed gas  
t h a t  c o l l e c t s  i n  t h e  sample con ta ine r  i s  
p e r i o d i c a l l y  b led  i n t o  t h e  graduated cy l -  
i n d e r  and measured a s  t h e  volume of water 
d isp laced .  This  procedure i s  performed 
a t  t h e  d r i l l  s i t e  and, subsequent ly ,  i n  
t h e  l abo ra to ry .  A more thorough d iscus-  
s i o n  of t h e  test  equipment and procedure,  
i nc lud ing  d e t a i l e d  diagrams of sample 
con ta ine r s ,  i s  presen ted  i n  r e f e r ence  2. 
CALCULATION OF GAS CONTENT 
The gas  con ten t  of a  sample i s  composed 
of l o s t ,  desorbed, and r e s i d u a l  g a s ,  each  
of which is  determined by s l i g h t l y  d i f -  
f e r e n t  techniques.  A c o r e  sample begins  
t o  deso rb  g a s  be fo re  i t  i s  s e a l e d  i n  t h e  
sample conta iner .  The amount of t h i s  
l o s t  g a s  depends on t h e  d r i l l i n g  medium 
and t h e  t i m e  r equ i r ed  t o  r e t r i e v e ,  m e a -  
s u r e ,  and d e s c r i b e  t h e  co re  and s e a l  t h e  
sample i n  t h e  can. The s h o r t e r  t h e  t i m e  
r equ i r ed  t o  c o l l e c t  t h e  sample and s e a l  
i t  i n  t h e  can,  t h e  g r e a t e r  t h e  conf idence  
i n  t h e  los t -gas  ca l cu l a t i on .  In  gene ra l ,  
because of i t s  speed, wi re - l ine  r e t r i e v a l  
of t h e  co re  i s  p r e f e r a b l e  t o  convent iona l  
cor ing.  I f  a i r  o r  m i s t  i s  used i n  d r i l l -  
i n g ,  i t  is  assumed t h a t  t h e  c o a l  beg ins  
desorb ing  gas  immediately upon penetra-  
t i o n  by t h e  b i t .  With water ,  de so rp t ion  
i s  assumed t o  begin when t h e  co re  is  
halfway ou t  of t h e  ho l e ;  t h a t  i s ,  when 
t h e  g a s  p re s su re  i s  assumed t o  exceed 
t h a t  of h y d r o s t a t i c  head. 
The l o s t  gas  can be c a l c u l a t e d  by a  
g r a p h i c a l  method based on t h e  fo l lowing  
r e l a t i o n s h i p :  For t h e  f i r s t  few hours  of 
emission,  t h e  volume of gas  g iven  o f f  i s  
p ropor t i ona l  t o  t h e  square  roo t  of t h e  
deso rp t ion  t i m e .  A p l o t  of t h e  cumula- 
t i v e  emission a f t e r  each read ing  a g a i n s t  
t h e  squa re  r o o t  of t h e  t ime t h a t  t h e  sam- 
p l e  has  been desorb ing  i d e a l l y  would pro- 
duce a  s t r a i g h t  l i n e  ( 2 ) .  - 
Valve, 
Pan of water 
FIGURE 1. - Equipment  for direct-method testing 
of cool  sample. 
The desorbed  g a s  i s  s imply t h e  t o t a l  
volume of g a s  d r a i n e d  f rom t h e  sample and 
measured i n  t h e  g r a d u a t e d  c y l i n d e r .  The 
d e s o r b i n g  o f  a  sample i s  g e n e r a l l y  al- 
lowed t o  c o n t i n u e  u n t i l  a very  low emis- 
s i o n  ra te  i s  o b t a i n e d ,  g e n e r a l l y  a n  aver -  
age  of lcss t h a n  10 cm3 of gas p e r  day 
f o r  1 week. The t i m e  r e q u i r e d  t o  r e a c h  
t h i s  low rate  of e m i s s i o n  w i l l  va ry  con- 
s i d e r a b l y  depending on t h e  s i z e  of t h e  
sample ,  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of 
t h e  c o a l ,  and t h e  amount of g a s  c o n t a i n e d  
i n  t h e  sample. 
A t  t h e  p o i n t  a t  which i t  i s  de te rmined  
t o  d i s c o n t i n u e  t h e  measurement of de- 
s o r b e d  g a s ,  t h e  c o a l  sample w i l l  u s u a l l y  
s t i l l  c o n t a i n  gas .  To complete t h e  g a s  
d e t e r m i n a t i o n  p r o c e d u r e s ,  t h e  amount of 
r e s i d u a l  g a s  must be measured. The pro- 
cedure  recommended by t h e  Bureau is  t o  
c r u s h  t h e  c o a l  i n  a s e a l e d  b a l l  m i l l .  
Methods p r e v i o u s l y  used,  i n c l u d i n g  a  
c r u s h i n g  box and a  g r a p h i c a l  p rocedure ,  
were found t o  be u n r e l i a b l e  (2). The 
b a l l  m i l l  i s  tumbled on a r o l l e r  machine 
f o r  approx imate ly  1 h  t o  c r u s h  t h e  c o a l .  
The m i l l  i s  a l lowed t o  c o o l  t o  room tem- 
p e r a t u r e ,  and t h e  volume of g a s  r e l e a s e d  
i s  measured by t h e  w a t e r  d i sp lacement  
method. The c rushed  powder and any un- 
c rushed  lumps a r e  weighed s e p a r a t e l y .  
AUXILIARY TE 
The g a s  c o n t e n t  v a l u e s  l i s t e d  i n  t h e  
appendix of t h i s  r e p o r t  a r e  a t  ambient 
f i e l d  as w e l l  a s  l a b o r a t o r y  c o n d i t i o n s  
and have n o t  been c o r r e c t e d  t o  s t a n d a r d  
t e m p e r a t u r e  and p r e s s u r e  (STP). The d i -  
rect-method t e s t  a s  o r i g i n a l l y  developed 
by t h e  Bureau of Mines was i n t e n d e d  t o  be 
a  "s imple ,  " inexpens ive  procedure  t h a t  
cou ld  be e a s i l y  u t i l i z e d  by t h e  mining 
i n d u s t r y  t o  de te rmine  t h e  methane poten- 
t i a l  of coalbeds .  An assessment  of t h e  
p o t e n t i a l  i n f l u e n c e  of t empera tu re  and 
b a r o m e t r i c  p r e s s u r e  on t h e  di rect -method 
v a l u e s  under  t h e  g e n e r a l  env i ronmenta l  
c o n d i t i o n s  expec ted  d i d  n o t  seem t o  j u s -  
t i f y  t h e  a d d i t i o n a l  expense  and complica- 
t i o n s  of i n c l u d i n g  a n  STP c o r r e c t i o n  ca- 
p a b i l i t y  i n  t h e  procedure.  I n  s u p p o r t  of 
t h i s  o r i g i n a l  premise ,  t h e  r e s u l t s  of a  
r e c e n t  s t u d y  (21)  conducted on 22 c o a l  
samples  from A l z a m a  showed t h a t  desorp-  
The volume of g a s  r e l e a s e d  i s  a t t r i b u t e d  
o n l y  t o  t h e  c rushed  powder. The t o t a l  
g a s  c o n t e n t  of a p a r t i c u l a r  sample i s  t h e  
volume of l o s t  g a s  and desorbed  g a s  d i -  
v ided  by t h e  t o t a l  sample weight  p l u s  t h e  
r e s i d u a l  g a s  c o n t e n t .  
T h e o r e t i c a l l y ,  i t  i s  p o s s i b l e  t o  c r u s h  
a  c o a l  sample i n  t h e  b a l l  m i l l  a t  any 
p o i n t  a f t e r  c o l l e c t i o n  and t o  o b t a i n  t h e  
t o t a l  g a s  c o n t e n t  ( e x c l u d i n g  l o s t  g a s )  of 
t h e  sample. T h i s  p rocedure  g e n e r a l l y  i s  
n o t  c o n s i d e r e d  a p p r o p r i a t e  i f  maximum i n -  
fo rmat ion  from t h e  sample i s  d e s i r e d .  By 
c r u s h i n g  t h e  sample b e f o r e  t h e  d e s o r p t i o n  
p r o c e s s  i s  complete ,  i t  i s  i m p o s s i b l e  t o  
o b t a i n  t h e  r e l a t i v e  amounts of desorbed  
and r e s i d u a l  gas .  T h i s  d i s t i n c t i o n  i s  
impor tan t  because  t h e  a c t u a l  r e s i d u a l  
g a s ,  which w i l l  n o t  d e s o r b  from t h e  sam- 
p l e  w h i l e  s e a l e d  i n  t h e  c a n i s t e r ,  proba- 
b l y  r e p r e s e n t s  g a s  t h a t  w i l l  n o t  f low t o  
a  methane d r a i n a g e  b o r e h o l e ,  and p o s s i b l y  
r e p r e s e n t s  g a s  t h a t  w i l l  n o t  be e m i t - ~ e d  
i n t o  a  mine atmosphere.  During t h e  pro- 
c e s s  of mining c o a l ,  t h e  c o a l  i s  broken 
up i n t o  v a r i o u s l y  s i z e d  p i e c e s ;  however, 
t h e  m a j o r i t y  of t h e s e  p i e c e s  u s u a l l y  w i l l  
n o t  d u p l i c a t e  t h e  ve ry  f i n e  powder t h a t  
t h e  b a l l  m i l l  p roduces  i n  t h e  r e s i d u a l  
g a s  procedure .  
ST PROCEDURES 
5.3 p c t  less t h a n  t h e  ambient v a l u e s ,  
w i t h  t h e  range  b e i n g  4.4 t o  7.0 p c t .  The 
Bureau of Mines i s  t e s t i n g  a p p a r a t u s  and 
p rocedures  t o  c o n v e n i e n t l y  i n t e g r a t e  STP 
c o r r e c t i o n s  i n t o  t h e  d i r e c t - m e t h o d  t es t  
p rocedures  f o r  t h o s e  who d e s i r e  t h e  r e l a -  
t i v e l y  s m a l l  i n c r e a s e  i n  accuracy.  To 
enhance t h e  r e l i a b i l i t y  of t h e  t e s t  re- 
s u l t s  i n  t h e  Bureau of Mines p rocedure ,  
t h e  d e s o r p t i o n  environment is  main ta ined  
as c o n s t a n t  a s  p o s s i b l e ,  e s p e c i a l l y  w i t h  
r e g a r d  t o  t empera tu re ,  which can  be con- 
t r o l l e d  once t h e  sample i s  t a k e n  from t h e  
f i e l d  t o  t h e  l a b o r a t o r y .  
An a d d i t i o n a l  f a c t o r  c u r r e n t l y  under 
i n v e s t i g a t i o n  t h a t  a p p e a r s  t o  i n f l u e n c e  
t h e  measured g a s  volume i s  t h e  s o r p t i o n  
and /or  r e a c t i o n  of oxygen and n i t r o g e n  
( a i r  t r a p p e d  w i t h  t h e  c o a l  sample when 
t h e  c o n t a i n e r  i s  i n i t i a l l y  s e a l e d )  w i t h  
t h e  c o a l  sample. P r e l i m i n a r y  s t u d i e s  i n -  
t i o n  v a l u e s  c o r r e c t e d  f o r  STP averaged d i c a t e  t h a t  t h e  phenomenon o c c u r s  t o  
v a r y i n g  d e g r e e s ;  however, a l l  t h e  f a c t o r s  
t h a t  i n f l u e n c e  t h e  magnitude of t h e  i m -  
p a c t  on t h e  f i n a l  g a s  c o n t e n t  v a l u e  a r e  
c u r r e n t l y  unknown. Composi t ional  ana ly -  
s is  of t h e  g a s  i n  s e a l e d  c o n t a i n e r s  w i t h  
c o a l  samples  i n d i c a t e s  t h a t  s o r p t i o n  and /  
o r  r e a c t i o n  of oxygen and n i t r o g e n  w i t h  
t h e  c o a l  i s  more obvious  s e v e r a l  days  
a f t e r  t h e  sample h a s  been p l a c e d  i n  t h e  
d e s o r p t i o n  c o n t a i n e r .  Th i s  s o r p t i o n  and /  
o r  r e a c t i o n  w i l l  g e n e r a l l y  s t a b i l i z e  be- 
f o r e  t h e  d e s o r p t i o n  of methane i s  com- 
p l e t e .  I n  o r d e r  t o  q u a n t i f y  t h e  a f f e c t  
of s o r p t i o n  and /or  r e a c t i o n  of oxygen and 
n i t r o g e n  on t h e  g a s  c o n t e n t  v a l u e s ,  a  g a s  
c o m p o s i t i o n a l  a n a l y s i s  must be made such 
t i m e  a  g a s  volume i s  measured by t h e  wa- 
t e r  d i sp lacement  method. P e r i o d i c  gas  
c o m p o s i t i o n a l  a n a l y s i s  have been recom- 
mended by t h e  Bureau of Mines ( 2 ,  5 )  f o r  - - 
s e v e r a l  y e a r s  t o  de te rmine  t h e  p e r c e n t  of 
methane a s  w e l l  as any o t h e r  g a s e s  s u c h  
a s  carbon d i o x i d e  t h a t  make up t h e  de- 
s o r b e d  g a s  volume. S ince  t h e  amount of 
" f r e e "  s p a c e  i n  t h e  d e s o r p t i o n  c o n t a i n e r  
a f t e r  add ing  t h e  c o a l  sample c o n t r o l s  t h e  
amount of a i r  i n i t i a l l y  t r apped  w i t h i n  
t h e  c o n t a i n e r ,  keep ing  t h i s  f r e e  s p a c e  t o  
a  minimum by f i l l i n g  t h e  " s tandard"  s i z e  
c o n t a i n e r s  a s  f u l l  as p o s s i b l e  w i t h  c o a l ,  
o r  hav ing  c o n t a i n e r s  of v a r i o u s  s i z e s  
a v a i l a b l e  f o r  v a r i o u s  c o a l  sample s i z e s  
w i l l  h e l p  minimize any g a s  s o r p t i o n  and /  
o r  r e a c t i o n  problem. 
Proximate ,  u l t i m a t e ,  and Btu a n a l y s e s  
a r e  o b t a i n e d  on t h e  c rushed  powder from 
t h e  r e s i d u a l  g a s  test.  These tes t  re- 
s u l t s  can  be used  t o  f u r t h e r  e v a l u a t e  
t h e  g a s  c o n t e n t  r e s u l t s  on a p r a c t i c a l  
and t h e o r e t i c a l  b a s i s .  Because t h e  g a s  
c o n t e n t  is  p r e s e n t e d  as a volume-to- 
weight  r a t i o ,  t h e  p r e s e n c e  of noncoa l  ma- 
t e r i a l ,  p r i m a r i l y  s h a l e  and pyrite--which 
add weigh t  b u t  n o t  g a s  s t o r a g e  capaci ty--  
can  produce seemingly e r roneous  d a t a .  
Thus, two samples  from t h e  same coa lbed  
c o r e  may have g a s  c o n t e n t s  t h a t  va ry  by 
s e v e r a l  c u b i c  c e n t i m e t e r s  p e r  gram i f  one 
sample c o n t a i n s  a p p r e c i a b l y  h i g h e r  non- 
c o a l  m a t e r i a l .  The c o a l  a n a l y s i s  w i l l  
h e l p  de te rmine  i f  noncoa l  material i s  i n -  
f l u e n c i n g  t h e  t o t a l  g a s  c o n t e n t .  
T h e o r e t i c a l  s t u d i e s  on t h e  i n f l u e n c e  
of d e p t h  of b u r i a l  on t h e  gas  c o n t e n t  
a r e  done p r e f e r a b l y  on a  c lean-coa l  ba- 
sis,  t h u s  removing t h e  noncoa l -mate r ia l  
v a r i a b l e  from t h e  e v a l u a t i o n .  However, 
because  coa lbeds  do c o n t a i n  noncoal  ma-  
t e r i a l ,  t h e  a c t u a l  in -p lace  methane i n  a  
p a r t i c u l a r  volume of c o a l  s h o u l d  be re- 
l a t e d  t o  t h e  as - rece ived  c o a l  d a t a .  
T h e o r e t i c a l l y ,  t h e  g a s  c o n t e n t  of c o a l  
i s  i n f l u e n c e d  by t h e  rank  of t h e  c o a l ,  
w i t h  h i g h e r  r a n k s  g e n e r a l l y  hav ing  h i g h e r  
g a s  c o n t e n t s .  The c o a l  a n a l y s i s  c a n  be  
used t o  de te rmine  t h e  a p p a r e n t  r ank  of 
t h e  c o a l  by ASTM Standard  D388 (22)  f o r  -
e v a l u a t i o n  of t h e  r a n k  parameter .  
SUMMARY 
Gas c o n t e n t  d e t e r m i n a t i o n s  a r e  r e p o r t -  The g a s  c o n t e n t  d a t a  c o n t a i n e d  i n  t h i s  
e d  on 1 , 5 1 1  v i r g i n  c o a l  c o r e  samples co l -  r e p o r t ,  when combined w i t h  g e o l o g i c  and 
l e c t e d  s i n c e  1972. The r e s u l t s  of t h e s e  e n g i n e e r i n g  s t u d i e s ,  can  be  used as a  ba- 
d e t e r m i n a t i o n s  and a s s o c i a t e d  tests are s is  f o r  a  p r e l i m i n a r y  e s t i m a t e  of mine 
summarized i n  t a b u l a r  form i n  t h e  ap- v e n t i l a t i o n  r e q u i r e m e n t s ,  and t o  d e t e r -  
pendix. A d d i t i o n a l  c o a l  samples con- mine i f  methane d r a i n a g e  i n  advance of 
t i n u e  t o  be a c q u i r e d  f o r  g a s  c o n t e n t  de- mining shou ld  be cons idered .  The d i s t r i -  
t e r m i n a t i o n .  New d a t a  a r e  e n t e r e d  i n t o  b u t i o n  of g a s  volumes i n  a  r e g i o n  can  be 
t h e  Bureau 's  coalbed a e t h a n e  d a t a  b a s e  used t o  d e l i n e a t e  a r e a s  of h i g h  in -p lace  
(23)  from which t h i s  r e p o r t  h a s  been syn- g a s  volumes where mining may be a d v e r s e l y  
t h e s i z e d .  Updated p r i n t o u t s  of d a t a  from a f f e c t e d  b u t  where r e s o u r c e  recovery  and 
s p e c i f i c  coa lbeds  o r  geograph ic  a r e a s  are u t i l i z a t i o n  may be enhanced. 
a v a i l a b l e  from t h e  Bureau's  P i t t s b u r g h  
Research Center.  
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APPENDIX.--RESULTS OF DIRECT-METHOD GAS-CONTENT DETERMINATIONS 
O N  U.S. COAL SAMPLES 
Tables  A-1 and A-2 a r e  a  compi la t ion  of 
direct-method t e s t  r e s u l t s  on c o a l  Sam- 
p l e s  c o l l e c t e d  between 1972 and mid-1983. 
The r e s u l t s  a r e  l i s t e d  a l p h a b e t i c a l l y  
by coalbed i n  t a b l e  A-1 and by S t a t e  i n  
t a b l e  A-2. To b e t t e r  e v a l u a t e  t h e  t o t a l  
ga s  con t en t  of each sample, t h e  component 
p a r t s  of t h e  t o t a l  a r e  l i s t e d .  The major 
p h y s i c a l  and chemical v a r i a b l e s  known 
t o  a f f e c t  t h e  gas  con t en t  of c o a l  Sam- 
p l e s  a r e  provided i f  a v a i l a b l e .  Space 
l i m i t a t i o n s  preclude t h e  l i s t i n g  of a l l  
d e t a i l e d  d a t a  a s s o c i a t e d  w i t h  each  Sam- 
p l e ,  but  t h i s  in format ion  may be a v a i l a -  
b l e  f o r  s p e c i f i c  samples from t h e  Bu- 
r eau ' s  P i t t s b u r g h  Research Center.  The 
Bureau a l s o  has  publ i shed  d e t a i l e d  geo- 
l o g i c  s t u d i e s  r e l a t e d  t o  t h e  occur rence  
of methane i n  s e l e c t e d  c o a l  measures. A 
b ib l iography  of t h e s e  pape r s ,  a s  w e l l  a s  
o t h e r  t o p i c s  r e l a t e d  t o  t h e  occur rence  
and premining d ra inage  of methane, i s  
a l s o  a v a i l a b l e  from t h e  P i t t s b u r g h  Re- 
s e a r c h  Center.  
DISCUSSION OF DATA PRESENTED I N  TABLES A-1 AND A-2 
Coalbed.--Coalbed names a r e  g e n e r a l l y  
t hose  ass igned  by t h e  coopera t ing  c o a l  
companies o r  by o t h e r  agenc ies  supply ing  
samples o r  d a t a  t o  t h e  Bureau. I f  t h e  
name of t h e  coalbed i s  unknown, e i t h e r  
t h e  group (GRP) o r  format ion (FM) i s  
l i s t e d ,  o r  t h e  sample i s  catalogued by 
t h e  S t a t e  name followed by (UNC) f o r  "un- 
co r r e l a t ed . "  A ques t i on  mark ( ? )  f o l -  
lowing t h e  coalbed name i n d i c a t e s  t h a t  
t h e  name i s  probably c o r r e c t ,  bu t  t h e  
c o a l  may be miscor re la ted .  Because of 
space  l i m i t a t i o n s  on t h e  computer p r i n t -  
o u t ,  coalbed names have occas iona l l y  been 
abbrev ia ted .  Severa l  S t a t e s  u t i l i z e  a  
numerical  o r  l e t t e r  de s igna t i on  i n  addi-  
t i o n  t o  ( o r  i n  p l a c e  o f )  a  name. Where 
t h i s  i s  common p r a c t i c e  and when space  
pe rmi t s ,  t h e  a l t e r n a t e  de s igna t i on  i s  
provided i n  parentheses .  The fo l lowing  
Sample depth.--The measured dep th  of 
t h e  bottom of t h e  sample p laced  i n  t h e  
de so rp t i on  c o n t a i n e r ,  rounded o f f  t o  t h e  
n e a r e s t  f o o t .  
Lost  gas.--That p o r t i o n  of t h e  t o t a l  
gas  con t en t  l o s t  be fo re  t h e  c o a l  sample 
was s e a l e d  i n  t h e  c a n i s t e r ,  e s t ima ted  by 
t h e  g r a p h i c a l  procedure de sc r ibed  i n  t h e  
t e x t .  An "ND" i n  t h e  "Lost gas"  column 
i n d i c a t e s  t h a t  t h e  l o s t  gas  could no t  
be c a l c u l a t e d ,  u sua l l y  because of incom- 
p l e t e  sample da t a .  Values a r e  a t  ambient 
condi t ions .  
Desorbed gas.--That p o r t i o n  of t h e  to-  
t a l  gas  con t en t  l i b e r a t e d  from t h e  Sam- 
p l e  whi le  i t  i s  s e a l e d  i n  t h e  c o l l e c -  
t i o n  con t a ine r  and measured d i r e c t l y  by 
t h e  water-displacement method desc r ibed  
i n  t h e  t e x t .  Values a r e  a t  ambient 
condi t ions .  
a b b r e v i a t i o n s  f o r  d i f f e r e n t  benches of Lost  p lu s  desorbed gas  (Lost  + d e s r b  
t h e  same coalbed a r e  used i n  a s s o c i a t i o n  gas).--Determined by adding t h e  l o s t  and 
w i t h  t h e  coalbed name: (U) = upper ,  ( M )  desorbed gas  and d i v i d i n g  by t h e  t o t a l  
= middle,  and (L) = lower. I n  s e v e r a l  
i n s t a n c e s ,  l e t t e r  de s igna t i ons  ( i n  as- 
cending o r d e r  beginning w i t h  A) have been 
a s s igned  t o  d i f f e r e n t  benches of t h e  same 
coalbed. An R fo l lowing  a  coalbed name 
i n d i c a t e s  a  r i d e r  coal .  I f  more t h a n  one 
r i d e r  is p re sen t ,  numerical de s igna t i on  
( i n  ascending o r d e r  beginning wi th  1)  
have been ass igned.  
sample weight ;  i t  r e p r e s e n t s  t h e  ga s  t h a t  
desorbed from t h e  sample n a t u r a l l y .  This  
may be t h e  only v a l i d  ga s  con t en t  d a t a  
f o r  t hose  samples f o r  which r e s i d u a l  g a s  
was determined by t h e  c rush ing  box o r  
g r a p h i c a l  procedures  ( 2 ) .  This  va lue  i s  
probably l e s s  t h a n  th; a c t u a l  t o t a l  ga s  
con t en t  of t hose  samples. The va lues  
shown i n  t h i s  column may n o t  equa l  t h e  
S t a t e  and county.--Coal companies a r e  combined t o t a l  of t h e  " Lost  gas" and 
g e n e r a l l y  r e l u c t a n t  t o  permit p u b l i c a t i o n  "Desorbed gas"  components p r ev ious ly  d i s -  
of t h e  exac t  l o c a t i o n  of t h e i r  explora-  cussed because of independent rounding of 
t o r y  co re  ho les .  The l o c a t i o n  of sample t h e  d a t a  i n  t hose  columns. Values a r e  a t  
c o l l e c t i o n  s i t e s  a r e ,  t h e r e f o r e ,  i d e n t i -  ambient cond i t i ons .  
f i e d  on ly  by t h e  S t a t e  and county.  
Res idua l  g a s  and c ru sh ing  method.--That 
p o r t i o n  of t h e  t o t a l  g a s  c o n t e n t  of t h e  
sample remaining i n  t h e  c o a l  a t  t h e  end 
of t h e  d e s o r p t i o n  pe r i od ,  which w i l l  n o t  
f r e e l y  de so rb  from t h e  c o a l  wh i l e  s e a l e d  
i n  t h e  con t a ine r .  The r e s i d u a l  ga s  has  
bee11 determined by t h r e e  methods: CB = 
c r u s h i n g  box, G = g r a p h i c a l ,  and BM = 
b a l l  m i l l .  The c ru sh ing  box method was 
determined t o  be u n r e l i a b l e ;  t h e r e f o r e ,  
t h e  g r a p h i c a l  procedure  based on t h e  
c ru sh ing  box must be cons idered  u n r e l i a -  
b l e .  The r e s i d u a l  g a s  d a t a  ob t a ined  from 
t h e  b a l l  m i l l  i s  cons idered  va l i d .  An ND 
o r  a  dash  i n  t h e s e  columns i n d i c a t e s  t h a t  
t h e  va lue  was no t  determined,  u s u a l l y  
because  t h e  donors  d i d  no t  want t h e  sam- 
p l e s  t o  be crushed. Values a r e  a t  ambi- 
e n t  cond i t i ons .  
T o t a l  gas.--Determined by adding t h e  
"Lost + desorbed gas"  column and t h e  "Re- 
s i d u a l  gas"  column. The t o t a l  ga s  con- 
t e n t  ( s u b j e c t  t o  t h e  v a l i d i t y  of t h e  re -  
s i d u a l  g a s )  r e p r e s e n t s  t h e  g a s  con t en t  of 
t h e  c o a l  sample on a n  as - rece ived  b a s i s .  
Laboratory-der ived va lue s  i n  cub i c  cen- 
t i m e t e r s  p e r  gram can  be conver ted  t o  in -  
p l a c e  va l ue s  i n  cub i c  f e e t  pe r  t on  by 
m u l t i p l y i n g  by 32. Values a r e  a t  ambient 
c o n d i t i o n s .  
Apparent rank (Rank app) .--Determined 
from c o a l  a n a l y s i s  d a t a  by t h e  method 
d e s c r i b e d  i n  ASTM Standards  D388 (18) .  
The a b b r e v i a t i o n s  (samples from a l l  c o a l  
g roups  may no t  appear  i n  f a b l e  A-1) tor- 




LV--Low-volatile bituminous.  
MV--Medium-volatile bituminous.  
HV-A--High-volatile A bituminous.  
HV-B--High-volatile B bituminous.  
HV-C--High-volatile C bituminous.  




Lig-B--Ligni t e  B . 
A da sh  (--) i n  t h e  "Apparent rank" column 
i n d i c a t e s  t h a t  a  rank de t e rmina t i on  could 
not  be made because of t h e  l a c k  of c o a l  
a n a l y s i s  da t a .  I f  t h e  word "None" ap- 
p e a r s  i n  t h i s  column, t h e  mine ra l  mat- 
t e r  con t en t  of t h e  sample i s  t o o  h igh  
( g r e a t e r  than  50 p c t )  t o  a s s i g n  a  c o a l  
rank. 
Percen t  a s h ,  as - rece ived  proximate  
a n a l y s i s  (Ash ar-p).--Data a r e  p r e sen t ed  
t o  permi t  an e v a l u a t i o n  of t h e  p o s s i b l e  
e f f e c t  of t h e  amount of a s h  on t h e  t o t a l  
gas  con t en t  of t h e  sample. Because t h e  
mine ra l  m a t t e r  r ep r e sen t ed  by t h e  a s h  i n  
t h e  c o a l  a n a l y s i s  adds weight but  gener-  
a l l y  no g a s ,  an  abnormally low gas  con- 
t e n t  may be measured i f  a  h igh  mine ra l  
m a t t e r  con t en t  i s  p r e sen t .  An "ND" i n  
t h i s  column i n d i c a t e s  t h a t  a  c o a l  ana ly-  
sis was no t  ob t a ined  on t h e  sample. 
U.S. Bureau of Mines i d e n t i f i c a t i o n  
code (USBM ID).--Code number a s s igned  t o  - 
each  c o a l  sample p rocessed  f o r  ga s  con- 
t e n t  de t e rmina t i on  by t h e  Bureau. A l l  
i n q u i r i e s  concerning s p e c i f i c  samples 
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